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Abstract 
Based on the effective and dynamic adaptability of the GMAW (Gas Metal Arc Welding) welding process, the 
main circuit of GMAW power, which is attached to the inverter of intermediate frequency and full-bridge IGBT units, 
is designed felicitously in the paper, and to use the controlling methods of PCF (the parallel and composite feedback), 
the methods of adder for Calculus and ratio, and the theory of Laplace transform, the model of relevant mathematical 
function between the dynamic signals  is built exactly. On further reflection, the DSCCS (the Digital Signal Closed-
loop Control System), is found based on the DSP unit and the PCF. Through the correlative welding test, it is 
analyzed the control theory and mechanism of welding current waveform from the DSCCS. Its adaptability of 
welding technology is also given objective assessment. 
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1. Preface
The quality of the welding joint is depended on the ratio of weld arc heat Ea and resistance heat Es, the 
ratio is large, stable the liquid pool, droplet transfer smoothly, evenly, regularity, and weld reinforcement 
is small, weld penetration is big, the joint is flat shape, smooth and beautiful. If not, the weld 
reinforcement is big and the penetration is small, the forming is ups and downs. On the stage of short 
circuit, the resistance heat depends mainly on short-circuit current, short -circuit time, and the elongation 
of genuine wire, the arc heat supplies small, mainly due to the moment of pre-arcing decay; on the stage 
of arc combustion, the resistance heat depends mainly on combusting arc current and time, and the 
elongation of genuine wire, the arc heat depends mainly on the current density and time of combusting 
arc, etc. So, the regulation and controlling of welding current waveform for GMAW in a different time, to 
find the optimal the ratio of Ea and Es, can make the welding power adapt to the dynamic and cyclical 
characteristics of "short-arc”, and thus ensure the quality of forming joints.[1][2] 
To this end, the DSCCS based on PCF for the inverter GMAW power is designed felicitously, 
including the overall design of the power's controlling circuit, the design of the PCF's signal sampling 
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circuit, the mathematical model of the DSCCS, the controlling mechanism and analysis of welding 
current waveform, in order to realize the effective controlling for various stages of the GMAW, and 
enhance the inverter's fast, sensitive process adaptability and adjustability based on the DSCCS.
2. The overall design of the main and controlling circuit of invert power for GMAW 
The hardware system of GMAW invert power is mainly composed of main circuit and control circuit, 
its composing and working principle is shown in Fig.2.1. In main circuit, UR1 is input rectifier, which 
makes the 50Hz or 60Hz frequency voltage into a DC voltage, the LC1 is low-frequency input filter, 
which is composed of capacitors and general reactor with gap, it has become more smooth the input 
current, the pulse frequency of the input filter 100Hz to 300Hz. The inversion circuit is used the mode of 
IGBT and full-bridge, with 20 kHz inversion frequency, shown in Fig.2.2. It was composed of power 
switch-tube (IGBT) VT1-4, medium frequency transformer T, etc. VT1 with VT3 and VT2 with VT4 are 
two groups, the two groups were turned on or switched off alternately, with 1800 phase difference. The 
four buffer parts for R-C-VD can decrease the shut off losses caused of high voltage rising rate while 
IGBT shut off; the full-bridge mode of IGBT circuit can output higher power under the bearing equal 
electric current and voltage [2][3].The IGBT unit, which is fast and high-voltage electronic switches, make 
the low-frequency direct current (voltage) into as several thousands of hertz current (voltage);The T is 
IF(intermediate frequency ) transformer: it changes IF and HV (high voltage) current into IF and LV (low 
voltage)current to meet the needs of welding technology; the UR2 is the output rectifiers, which can make 
the LV AC into DC; the L2, C2 constitute the IF output filter, which enables DC from large fluctuating to 
more smooth, its pulse frequency of is thousands or tens of thousands Hz.[4] 
In controlling circuits, The MG is the feedback comparison circuit; it can obtain the negative feedback 
signal of Ufu, Ufi from the output circuit by a certain percentage, after the comparison and amplification of 
a given (standard) voltage Ugu and Ugi, transmit to the DSCCS. The drive control voltage Um of IGBT, 
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based on the mathematical model of the DSCCS and the PCF, is determined the waveform of dynamic 
inverter output current (voltage), in order to achieve the various stages of welding current waveform, and 
to meet the requirements of  dynamic characteristic for GMAW process.[4][5] 
3. The design of PCF and DSCCS 
3.1. The design of sampling circuits for PCF 
The arc voltage and welding current are important properties of the electrical characteristics in the 
stage of welding molten drop formation and transition. To real-time detection of technical condition 
during the welding process, it is required for real-time sampling of arc voltage and welding current. The 
circuit design of the sampling welding current is shown in Fig.5, Holl's sensor is used to sample welding 
current, and the signals are filtered, amplified, adjusted and delivered to A/D module channel of the DSP 
by the circuit. The measuring resistance RP1 is pre-set to 50Ω, the measuring current range is 0~500A. 
The circuit design of the sampling arc voltage is shown in Fig.5, high frequent signals of the welding arc 
are removed by the low-pass filter from the circuit C-L-R, and then the needed signals are amplified by 
operational amplifier and ray couple linear amplifier to form direct current’s voltage signals (0~5V), 
finally passed to A/D module channel of the DSP.
3.2. The mathematical model of the DSCCS 
In DSP control unit, the mode of negative feedback of current, voltage and the given circuits of 
reference voltage, current constitute the PCF and DSCCS, each digital signal transfer function shown in 
Figure 3.3. In the combusting arc stage, the PCF works to maintain a certain degree of arc voltage, to 
improve re-combusting arc current and then improve the joint. In short-circuits stage, due to a separate 
work of the current control loop, the current waveform is changed with a reference current waveform's 
change, so to adjust the waveform of short-circuit current and to reduce the splash.            
 
Fig.3.3 the transfer function of digital signal from closed-loop control system  
Based on parallel and composite feedback   
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In the figure 3.3: Ugu, Ugi is respectively the feedback voltage, current corresponding to a given 
reference voltage; Ufu, Ufi is as the feedback voltage of arc voltage, welding current; Uf is the arc voltage; 
If is the welding current; Kfu, Kfi is as the gain, of proportional amplifier for voltage, current, Tu is time 
constant for the voltage regulator; S is for the complex variable of Laplace transform; L is the output 
inductor; R is equivalent resistance of welding circuit. Based on theory of calculus proportional 
controller and Laplace transformation, the Mathematical model of DSCCS is follows: 
)]}1()([)()1({
)1(
)1(
−−+⋅+−⋅
⋅++⋅⋅⋅⋅
+⋅⋅⋅
= nenekneknUgu
STuSTKfuAMu
STKfuA
U guguigup
U
U
f
  （1） 
)]}1()([)()1({
)()1(
)1(
−−+⋅+−⋅
⋅⋅+⋅++⋅⋅⋅⋅
+⋅⋅⋅
= nenekneknUgi
STuRSLSTuKfiANi
STuKfiA
I gigiigipf
 （2） 
Here, Ugu(n-1), Ugi(n-1), is respectively for given reference voltage value corresponding to the n-1 time 
feedback voltage, current. egu(n), egu(n-1) is the bias between given reference voltage and feedback 
voltage for the n time and the n-1 time. The egi(n), egi(n-1)is the bias between given reference voltage and 
feedback current for the n time and the n-1 time. The kp is a proportional coefficient, the ki is an integral 
factor. 
Based on the DSCCS, in the arc stage, the arc voltage can be adjusted to maintain the flatness of the arc 
welding power to develop advantages of arc's self-regulating performance, but also the welding current 
can be adjusted to promote droplet formation and growth, prompting the melting of base metal, 
maintaining the stability of liquid pool; when the short-circuit transition begins, the growth rate 
of welding current can appropriately increase to make the drop transition smooth, uniform and fast, in the 
short-circuit later, when the short-circuit transition begins, the growth rate of welding current can 
appropriately increase to make the drop transition smooth, uniform and fast, in the short-circuit later, re-
combusting arc current can privately increase, then  to make re-combusting arc rapid recovery, but also 
fully heat the base metal to increase the melting deep, to improve the welding formations. 
3.3. The controlling mechanism of welding current waveform 
The output waveform, for the GMAW inverter power of DSCCS, is shown in figure 3.4. The control 
method is: while the short-circuit current is shaping up, it existed the standing time of a small current, 
corresponding to the stage t0-t1; After that time of short-circuit current's stability, it is to rise current to a 
large slope to a certain value in order to accelerate the formation of short-circuit liquid 
bridge, corresponding to the stage of t1-t2; And then, there is a lower increase in the slope, 
corresponding to the stage t2-t3, the bottoms of melt drop steadily spreads into the pool and to reduce the 
liquid spill; When the current  reaches a certain peak resulting in necking down, and in the role of smaller 
peak current, the front of droplet is separated to  the upper of wire for reducing late splash, corresponding 
to the stage t3-t4,by the end of short-circuit current waveform, corresponding to the stage t4-t5, it is to 
provide periodic energy to help arc’s re-combusting, and so to improve the weld penetration and shaping. 
 
Fig.3.4 the controlling waveform of welding current for droplet short-circuit transition 
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4. The Comparison and analysis of the output waveform from experiment 
Based on inverter welding power for the general mode of flatness controlling and the mode of DSCCS 
on parallel and composite feedback, the output waveform measured is respectively shown in Figure 4.1. 
the Figure a) is output voltage and current waveforms for  the general mode of flatness controlling ,the 
ratio of welding splash is about 2.06%, the transfer frequency of droplet is about 78 times/s, the energy 
ratio of arc and short-circuit moment, that is Ea/Es, is about 5.17, the coefficient of width 
and enforcement for welding joint, that is B/a ,is 3.52, the penetration is shallower, the forming aesthetic 
is limited, due to the relatively low re-combusting arc current; the figure b) is output voltage and current 
waveforms for the mode of DSCCS, the ratio of welding splash is about 1.55%, the splash can be 
effectively controlled , and there are good weld penetration and width for the joint, the forming is also 
ideal, in all, due to the PCF’s dynamically controlling of Ea/Es based on the DSCCS. 
 
 a) The general mode of flatness controlling    b) the mode of DSCCS on parallel and composite feedback 
Fig.4.1 The real waveform of welding current and arc voltage 
5. Conclusion 
(1)The designed main circuit for GMAW power is full- bridge IGBT and IF inverter, the controlling 
circuit is the DSCCS for PCF, it has good adaptability of droplet's short-circuit transition for GMAW 
process. 
(2)The DSCCS based on mathematical model is found objectively, when the short-circuit transition 
begins, the growth rate of welding current can appropriately be controlled to reduced the time of short-
circuit, and to prompt drop transition into pool, in the short-circuit later, re-combusting arc current can 
privately increase, then to make re-combusting arc rapid recovery, but also fully heat base metal to 
increase the penetration, to improve the welding joints. 
(3)On the welding test and GMAW process for droplet transfer of, the inverter controlling mechanism 
of welding current waveform is analyzed. The requirements of the control circuit design on DSP.  
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